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Ep-CAM, an epithelial adhesion molecule, is ab-
sent in normal squamous epithelia but can be
detected in some squamous carcinomas. Using a
panel of monoclonal antibodies to keratinocyte
differentiation andproliferation markers, we in-
vestigated the association ofEp-CAM expression
with differentiation-related and/or neoplastic
changes in cervical epithelium. Normal endocer-
vical glandular epithelium (both columnar and
reserve cells) appeared strongly positivefor Ep-
CAM, whereas ectocervical squamous epithelial
ceUls did not express this molecule. Expression of
Ep-CAM (in basal cells) was sometimes observed
in morphologicaly normal ectocervical tissue
but only in areas bordering cervical intraepithe-
lial neoplasia (CIN) lesions. At the early stages of
neoplasia the expression of Ep-CAM was regu-
larly present in squamous epithelium, in general
consistent with the areas ofatypical, undifferen-
tiated ceUs. Thus, in CIN grades I and II, the
basal/suprabasal layers of the epithelia were
positive, whereas in CIN grade III lesions, up to
100% ofthe ceUs, over the whole thickness ofthe
epithelium sometimes excluding the very upper
layers, expressed Ep-CAM. A clear increase, not
only in number ofpositive ceUs but also in levels
of Ep-CAM expression (intensity) was observed
during progression from CIN I to CIN III. Ex-
pression of Ep-CAM in ectocervical lesions did
not coincide with a reappearance of the simple
epithelium cytokeratins (CK8 and CK18). On the
other hand, expression of Ep-CAM in atypical

cells of CIN lesions correlated with the disap-
pearance of CK13, which normally marks cells
undergoing squamous differentiation. As was
shown with Ki-67, a markerforproliferating ceUl
populations, the areas of Ep-CAM expression
were also the areas of enhanced proliferation.
CeUs expressing Ep-CAM did not express involu-
crin, a marker for ceUs committed to terminal

differentiation. In the majority ofboth squamous
and adenocarcinomas ofthe cervix a strong ex-
pression of Ep-CAM was observed, although
some decrease in the expression (both the inten-
sity and the number ofpositive cells), as com-
pared with CIN III lesions, was observed in the
areas of squamous differentiation. This study
demonstrates that the expression of Ep-CAM in
cervical squamous epithelium is associated with
abnormal proliferation of ceU populations that
are not committed to terminal differentiation.
(AmJ Pathol 1996, 148:865-875)

The 40-kd epithelial protein, Ep-CAM, encoded by
the GA733-2 gene,1 when expressed in cells defi-
cient in intercellular adhesion, demonstrates the
characteristics of a homophilic cell-cell adhesion
molecule.2 The exact role of this molecule in epithe-
lial tissues is not clear yet. However, we have dem-
onstrated that Ep-CAM is of importance for intercel-
lular interactions of carcinoma cells that have
decreased levels of cadherins,3 which suggests that
Ep-CAM is an adhesion molecule contributing to
intercellular interactions, at least in some tissues.
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In normal human tissues Ep-CAM is expressed in
most simple, columnar, and pseudostratified epithe-
lia4 but is absent in squamous stratified epithelial
cells. However, during carcinogenesis a de novo
expression of Ep-CAM can be observed in squa-
mous tissues.5-7 Thus, Ep-CAM is expressed in
squamous carcinomas of the bronchus, head and
neck region, and cervix but not in squamous carci-
nomas of the skin, although it can be abundantly
expressed in basal cell carcinomas.67 As normal
differentiation of cells is disturbed in the majority of
carcinomas of squamous origin, and expression of
histological markers typical for simple epithelia may
occur in squamous carcinoma cells,89 we have in-
vestigated whether the appearance of Ep-CAM in
squamous epithelial neoplasias correlates with the
expression of markers for simple epithelia and is
connected to proliferative and differentiation-related
changes of squamous epithelial cells.

In the uterine cervix the sequential morphological
steps of tumorigenesis can be identified, with a pro-
gression from low to high grade squamous intraepi-
thelial lesions and, ultimately, to invasive carcino-
mas.10"' Therefore, studies in uterine cervix allow us
to follow the expression of Ep-CAM in correlation with
the changing pattern of differentiation markers912 in
progressing neoplasia.

Our results showed that the expression of Ep-CAM
in squamous cervical epithelium correlates with an
enhanced proliferative activity and with the loss of
tissue-specific markers, including markers for termi-
nal differentiation of squamous epithelial cells.

Materials and Methods

Tissues and Pathological Evaluation
The frozen tissue specimens used in this study com-
prised biopsies or surgical resection specimens of
lesions of the uterine cervix. A total of 42 specimens
representing normal, metaplastic epithelia, and three
grades of cervical intraepithelial neoplasia (CIN)
were studied. In many samples, normal epithelium
and metaplasia or intraepithelial neoplasia were
found within the same specimen. Normal cervical
epithelial tissues were identified in 14 tissue speci-
mens, along with 28 cases of squamous metaplasia
and 39 cases of CIN. The CIN cases were subdi-
vided into low grade squamous intraepithelial lesions
comprising the cases of CIN I, and high-grade le-
sions, within which we discriminated CIN II and CIN
Ill lesions. Additionally, sections of 15 cervical squa-
mous carcinomas and 10 cervical adenocarcinomas
were investigated.

Sections, subsequent to those used for immuno-
histological staining, were stained with hematoxylin
and eosin and analyzed by two independent pathol-
ogists with respect to the type and character of the
lesions identified within the tissue sample.

Antibodies
Antibodies to cytokeratins CK5 (clone AE14), CK10
(clone RKSE60), CK14 (clone RSK107), and CK16
(clone LL025) were kindly provided by Prof. F. Ra-
maekers. Antibodies to cytokeratins CK7 (clone
C-68), CK8 (clone Hi), CK13 (clone 1C7), CK17
(clone E3), and CK18 (clone DC-10) were obtained
from Thamer Diagnostica. All anti-cytokeratin anti-
bodies used are well characterized with respect to
their specificity and recognize single-type cytokera-
tins. The anti-Ep-CAM antibody 323/A313 was kindly
provided by Centocor (Malvern, PA). Antibody Ki-67
to a proliferation marker was obtained from Boehr-
inger Mannheim (Mannheim, Germany). Antibody to
involucrin (clone SY5) was obtained from Sigma Im-
munochemicals. As negative control, monoclonal
antibodies (MAbs; of IgGl and IgG2a isotypes) to
episialin, a protein that is not expressed in squamous
epithelial tissue, were used.

Immunohistochemistry

Cryostat sections were fixed in cold methanol and
then rinsed with acetone and air dried. Sections were
preincubated for 30 minutes with either 10% normal
goat serum (for immunohistochemistry) or with 5%
skimmed milk solution (for immunofluorescent stain-
ing). Both solutions were prepared in phosphate-
buffered saline. Immunohistochemical staining with
323/A3 MAb was performed as described previous-
ly.13 For double immunofluorescent staining for Ep-
CAM and an additional marker, primary antibodies
(all of IgGl isotype, except anti-CK17, E3, which is
IgG2b, and anti-CK14, RSK107, which is IgG3) were
applied in a mix with the 323/A3 MAb (IgG2a). The
reacted antibodies were detected using an anti-
mouse IgGl (or, respectively, IgG2b or IgG3)-fluo-
rescein isothiocyanate conjugate in a mix with an
anti-mouse IgG2a-Texas-Red conjugate. All conju-
gates were obtained from Southern Biotechnology
(Birmingham, AL). The immunofluorescent staining
was analyzed using the BRC-600 confocal micro-
scope (Bio-Rad, Richmond, CA).

Each of the tissue samples was analyzed with all
of the markers used. The specificity of the staining
was verified by using a control antibody of the same
IgG isotype. For double-fluorescence analysis the
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Figure 1. Expression ofEp-CAM in niormal, dysplastic, anid neoplastic tissue of uterine cervix, as detected by indirect immunohistocbemistry using
the 323A3 MAb. A: Normal cervical squamous epithelia. B: Normal glandular epithelium. C: Immature metaplasia with signs qf squamous
differentiation. D: Lou' grade squiamouis intraepithelial lesion. E: High grade squamous intraepithc-lial lesion.

absence of the leaking of one type of fluorescence
into another was confirmed by using cultured epithe-
lial cells stained with antibodies to two markers with
completely nonoverlapping patterns (Ep-CAM,
which is located at the cell-cell boundaries and in
cytoplasm, and Ki-67, which is located in the nucleus
only).

Results

Expression of Ep-CAM in Normal,
Dysplastic, and Malignant Cervical
Epithelium
Immunohistochemistry on cervical tissues showed
that normal ectocervical epithelium was negative for
Ep-CAM expression (Figure 1A), in contrast to nor-

mal endocervical glandular epithelium, both colum-
nar and reserve cells (Figure 1B), which was highly
positive for Ep-CAM. In the transformation zone, a
clear border between Ep-CAM-positive endocervical
epithelium and negative cells of squamous differen-
tiation was observed.

In immature and mature squamous metaplastic
epithelia, a strong expression of Ep-CAM was found;
the intensity of staining of the majority of cells in
immature metaplastic lesions was comparable to the
staining of columnar endocervical epithelium. In ma-
ture squamous metaplasia, the areas of squamous
differentiation showed a decrease in Ep-CAM ex-
pression up to complete negativity (Figure 1C).
Low expression of Ep-CAM was occasionally

detected in basal/suprabasal layers of morpholog-
ically normal squamous epithelium bordering intra-
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epithelial neoplasia. At higher levels, the expres-
sion of Ep-CAM was detected in CIN 1, with the
intensity increasing in the higher grade neoplastic
lesions (Figure 1, D and E). The areas of Ep-CAM
expression were clearly overlapping, if not com-
pletely identical, with the areas of atypical/undif-
ferentiated cells, with the marker disappearing in
the upper, more differentiated layers of the epithe-
lia. Expression of Ep-CAM was found in all CIN
lesions analyzed.
Ep-CAM expression was detected in all squamous

carcinomas analyzed as well as in all adenocarcino-
mas. In some squamous carcinomas, only a low level
of Ep-CAM expression was detected (not shown); in
all cases it was related to a pronounced squamous
differentiation in these lesions.

Expression of Ep-CAM and Cytokeratins in
Squamous Metaplastic Epithelia

Reserve cells are able to differentiate into both sim-
ple and squamous epithelia, and they express a
mixed pattern of cytokeratins typical for both types of
epithelia.1415 The cytokeratin markers, typical for
differentiated squamous, columnar cells and reserve
cells as observed in the previous studies,15 and
confirmed in the current study, are shown in Figure 2.
Using double staining with anti-Ep-CAM MAb com-
bined with MAbs to CK7 (columnar cells only) and
CK18 (columnar and reserve cells), we demon-
strated that Ep-CAM is expressed in reserve cells as
well as in columnar cells.

There was no correlation between the expression
of Ep-CAM and reserve cell cytokeratins (CK14 and
CK17) during epithelial transdifferentiation. Thus, im-
mature squamous metaplasias were strongly posi-
tive for Ep-CAM, although only a subpopulation of
cells in these dysplasias, mainly the cells located in
the basal layer, were expressing CK14 and CK17
(Figure 3). In mature metaplasia, the expression of
Ep-CAM was disappearing in areas of squamous
differentiation but was still observed more widely
than CK14 and CK17.

The expression patterns of Ep-CAM and of the
simple epithelial cell cytokeratins (CK8 and CK18)
were identical in metaplastic tissue (Figure 4, A and
B). However, the expression of CK13, a squamous
differentiation-related cytokeratin, was observed
mainly in Ep-CAM-negative regions of mature squa-
mous metaplasia (Figure 4, C and D). The results are
summarized in Figure 2.

Normal Ectocervical
Epithelium

Columnar and
Reserve Cells

Immature Squamous
Metaplasla

Mature Squamous
Metaplasia

CIN I

CIN Il

B

B 11F H UCIN~~~~~~~INIII
Figure 2. Schematic repres,entation cf'cytokeratin anid Ep-CAM expres-
sioli patternis as obsered in n1ormlal ceri'ical, nI'taplastic, alnd ;ieo-
pla.stic cenical tissues. The data were obtainied on7 the basis oj'inim -

nohistochemical investigation of'42 specimiien.s of'cervical epithelial
tissinecs (see Materials anid Methods). The hulm)lan cytokeratins are
inidicated by their respective nunibers. Black, gray,, or white filling Of
the bars indicates, respectively. .strong, moderate, or) tno expression of
the marker. Giduacal filling of' he bar inidicates graduial decrease or
disappear-anice of'the miarker in the respective layers of epithelia. A
comipletelyfilled bar indicates the presence o?f the marker at the imtdi-
caJted intensity in 75 to 100% oj/the normal lesion tissue specinmenls. A
one-hal/'or one-quaner/illed bar indicates the presc-Nee of'the marker
in 25 to 50 or le,ss thban 2-5%/ offcases, respectively. B. basal cells; PB,
parabasal cells; 1. cells u/'thbe inlter-mtiediate IaYry; 5, superficial cells; R,
reseri e Cells; C,G coluinariEZ cells.

Expression of Ep-CAM and Cytokeratins in
CIN Lesions

Expression of Ep-CAM at early stages of dysplasia/
neoplasia in cervical epithelia was observed in all
basal and parabasal cells, but only in basal cells was
it co-expressed with CK5. All CK5-positive cells were
also Ep-CAM positive in all CIN and 11 lesions, but
usually a few additional upper layers of cells were
positive for Ep-CAM. In a majority of CIN IlIl lesions,
no CK5 expression was detected; occasionally, in
some lesions, it was limited to a few solitary cells. In
contrast, almost all cells in CIN IlIl lesions were
strongly expressing Ep-CAM (Figure 5).
CK14 was present in basal and suprabasal cells

of ectocervical epithelia, although the intensity of its
expression varied greatly, and it was not as regularly
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Figure 3. Expressioni of cytokeratint 1 7 (greeni) anid Ep-CAM (red) in
ionrnature(A) anzd mtiature(B) squamoicus mtietaplasia. Yellow ,nadoks the
areas of co-expressioni of both mnarkenm

present a cytokeratin as CK5. In several CIN lesions,
where CK14 was detected, the expression of the
latter was, similar to CK5, associated with the more

basal compartments of CIN, and all CK14-positive
cells in lesions were also Ep-CAM positive. However,
in the course of differentiation of dysplastic cells
toward the squamous phenotype, CK14 was disap-
pearing earlier than Ep-CAM (Figure 6). The CK17-
positive groups of cells were observed occasionally
in some CIN IlIl lesions but in a pattern that was much
more limited than that for the expression of Ep-CAM.
In general, no correlation between expression of Ep-
CAM and the markers of reserve cells (CK14 and
CK1 7) was observed, as was true for other occasion-
ally observed cytokeratins, such as CK10 and CK16.

Expression of CK10 was observed very rarely in
the CIN lesions, usually in the upper layers of squa-
mous epithelia. Where observed, the CK10 has a

pattern of expression complementary to Ep-CAM
(not shown). Expression of CK16, which is supposed
to be associated with an enhanced proliferative ac-

tivity,9 was observed in a very limited number of

lesions, usually in the suprabasal areas of CIN, with
no correlation to Ep-CAM expression (see Figure 2
for the summary of results).

Expression of simple epithelial cytokeratins CK8
and CK18 was observed in CIN Ill lesions only.
Therefore, the expression of Ep-CAM, which also
occurs in CIN and CIN 11, was not related to the
expression of these differentiation markers (not
shown).

In normal squamous epithelia, CK13 appears al-
ready in parabasal cells, with expression increasing
toward the upper epithelial layers (Figure 7A). How-
ever, in premalignant intraepithelial lesions, in those
areas where expression of Ep-CAM was found, the
border of CK13 expression was moved to the upper
layers. In most dysplastic lesions and intraepithelial
neoplasia, the pattern of CK13 is complementary to
the pattern of Ep-CAM. Only in a few CIN Ill lesions
were the patterns of these two markers observed to
partially overlap, although the Ep-CAM-positive cell
layers were mainly negative for CK13, and the CK13-
positive cells were largely located superficially to the
Ep-CAM-positive cells (Figure 7, B-D).

Expression ofEp-CAM and Markers for
Terminal Differentiation
We observed that at very early stages of dysplasia in
the cervix the expression of Ep-CAM in para- and
suprabasal layers of squamous epithelia was ac-
companied by the disappearance of CK13, which
marks all cells entering the terminal squamous dif-
ferentiation. Therefore, we investigated the co-ex-
pression of Ep-CAM and involucrin, a marker for
terminal differentiation of squamous epithelia,16 in
normal squamous and dysplastic cervical epithelia.

In normal ectocervical epithelia, the expression of
involucrin occurred in the suprabasal layers and in-
creased toward the upper layers. In tissues where
expression of Ep-CAM was observed, involucrin ex-
pression occurred only in cells negative for Ep-CAM.
In CIN and CIN II lesions, where Ep-CAM was
expressed in basal layers and gradually disap-
peared toward the upper layers of the stratified ep-
ithelium, involucrin appeared only when the cells
became negative for Ep-CAM. Remarkably, in most
cases we studied, at least one layer of cells negative
for both markers separated the Ep-CAM-positive lay-
ers from those expressing involucrin (Figure 7, E-H).
In particular, it also suggests that in cells of intraepi-
thelial neoplasia the expression of CK13 precedes
the expression of involucrin (compare the staining for
these markers in Figure 7).
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Figure 4. Patterns of Ep-CAM expression and squamous epithelial cytokeratin 13 anid simple epithelial Lvtokeratini 18 in metaplastic tissute. B atnd D:
Ep-CAM. A: Cvtokeratin 18. C: C-Vtokeratin 1.3. A anid B: Imimature sqiuamious mnetaplasia. C aind D: Mature squiamlouis mnetaplasia.

Expression of Ep-CAM and Cell Proliferation
in Intraepithelial Lesions

As can be concluded from the data above, cells
expressing Ep-CAM in CIN lesions do not commit to
terminal differentiation. Therefore, we expected them
to be in a proliferative state. Ki-67 marks all cells
outside the Go phase, increasing from the G1 phase
to the M phase of the cell cycle.17 Only solitary
Ki-67-positive cells were observed in both columnar
and squamous normal epithelia (in the basal layer
only). In contrast, an active proliferation, as reflected
by a high percentage of Ki-67-positive cells, was
observed in squamous metaplasia, where the ex-
pression of Ki-67 (areas containing the positive cells)
was overlapping with areas of Ep-CAM expression
(Figure 8A). Similarly, double staining for Ep-CAM

and Ki-67 in squamous cervical tissues and neopla-
sia showed completely overlapping expression pat-
terns for these markers (Figure 8, B and C).

Discussion
The epithelial cell adhesion molecule Ep-CAM is ex-
pressed in most simple, pseudostratified, and tran-
sitional epithelia but is absent in adult squamous
epithelial tissues. However, a large percentage of
squamous cell carcinomas' (excluding those origi-
nating from the skin6) do express Ep-CAM. Cervical
squamous epithelium is ideally suited to study the
relation of Ep-CAM expression to the neoplastic pro-
cess, as a number of stages of gradually progress-
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ing neoplastic changes can be distinguished in this
tissue.

Normal squamous epithelium of the ectocervix is
negative for Ep-CAM, although a very low level of its
expression can be detected in the basal cell layer in
some tissue specimens. In CIN lesions, the expres-
sion of Ep-CAM was found in basal and suprabasal
cell layers (summarized in Figure 2), increasing pro-
gressively from CIN to CIN 111. Usually the pattern of
Ep-CAM expression was clearly overlapping with the
undifferentiated cell population in CIN lesions.

Despite the fact that in normal tissue no detect-
able levels of Ep-CAM are expressed, in dysplastic
squamous epithelium, which can be viewed as the
earliest stage of neoplastic change, Ep-CAM is
clearly co-expressed with the basal cell cytokeratins
CK5 and CK14, which mark the proliferating cell
population. In contrast, the expression patterns of
Ep-CAM and CK13, a marker for squamous differen-
tiation, are complementary, and in CIN lesions the
expression of CK13 was observed only in the upper
layers of epithelial cells, from suprabasal to superfi-

cial layers depending on the CIN grade, where the
expression of Ep-CAM was decreasing or disap-
pearing. Expression of CK13 suggests that the Ep-
CAM-negative cells in CIN lesions were still under-
going a tissue-specific terminal differentiation. This
was confirmed, as all Ep-CAM-negative cells did
express involucrin, a marker for terminal differentia-
tion of keratinocytes. In CIN to CIN Ill lesions the
appearance of this marker was observed only after
the complete disappearance of Ep-CAM from the
cells. Additional analysis of CIN tissue using Ki-67, a
marker for all proliferating cells outside the Go
phase, confirmed the collateral conclusion that ex-
pression of Ep-CAM in ectocervical tissue is associ-
ated with an actively proliferating cell population that
does not enter terminal differentiation.
The presence of Ep-CAM in basal layers of cervi-

cal squamous epithelia seems to reflect an early
event in cervical carcinogenesis. Its expression is
clearly associated with atypical cells in CIN lesions
and increases from low grade to high grade intraepi-
thelial neoplasia. A number of other changes were

.I
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Figure 6. Expression of cytokeratin 14 (A and C) and Ep-CAM (B and D) in a lon' gradesquamous lesion (A and B) and a high grade squamous

lesion (C and D).

reported in populations of cells in CIN lesions that we
found to be positive for Ep-CAM. Thus, the atypical
cells in cervical lesions showed a reduced expres-

sion of syndecan-1, a proteoglycan that binds
growth factors and extracellular matrix components
and is associated with normal squamous differenti-
ation of ectocervical cells.18 The same population of
cells was also reported to contain elevated levels of
p53,19 which clearly points to the active proliferation
of these cells. Our data confirm a high proliferative
activity in undifferentiated cell layers of CIN lesions
comparable to that present in carcinomas as re-

ported by Brown et al,20 also on the basis of Ki-67
antigen expression. Therefore, expression of Ep-
CAM in squamous lesions is clearly associated with
a crucial disturbance of normal proliferation and dif-
ferentiation of keratinocytes.

In this respect, the fact that Ep-CAM is expressed
in reserve cells, and is highly expressed in immature
squamous metaplasia, attracts attention. The re-

serve cells are capable of differentiating into squa-

mous epithelia both in vitro and in nude mice xe-

nografts,14 which seems to be a direct reflection of
the process of epithelial transdifferentiation that oc-
curs in situ.21'22 By transdifferentiation the endocer-
vical simple epithelium is replaced by an immature
squamous epithelium that further progresses into
mature squamous epithelium.22 The squamous
metaplastic area of the transformation zone is usually
the site where squamous intraepithelial lesions and
cervical carcinomas develop. It is quite plausible to
suggest that expression of Ep-CAM, which normally
should be repressed as soon as the transdifferenti-
ating cells acquire the squamous phenotype, contin-
ues in dysplastic/neoplastic epithelium.
The observed continuous expression of Ep-CAM

in the basal layers of dysplastic lesions may itself be
a factor contributing to the disturbances in normal
differentiation processes in such lesions.

As was demonstrated by Wheelock and Jensen,23
E-cadherin has a central role in the regulation of the
stratified organization of squamous epithelia, and the
disturbance in E-cadherin-mediated junctions re-
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Figure 7. Expression in squamous tissues of Ep-CAM (red staining) and markers for squamous/terminal differentiation of keratinocytes (green
staining). A to D: Cytokeratin 13. E to H: Involucrin. A and E: Normal cervical squamous epitbelium. B and F: CINI. C and G: CINII. D and H:
CIN III lesions.

sults in abrogation of normal morphogenesis in
squamous tissue. Normally, in cells that lose contact
with the basal membrane and move to the upper
layers (para- and suprabasal), an increased expres-
sion of E-cadherin is observed, accompanied by an
expression of markers for keratinocyte terminal dif-
ferentiation.24 In vitro, addition of anti-E-cadherin an-
tibody capable of dissociating the cadherin-medi-
ated intercellular junctions disturbs the calcium-

induced stratification of keratinocytes.23 Recently we
have demonstrated that in L cells transfected with
E-cadherin cDNA, and supertransfected with the Ep-
CAM cDNA, an increase of Ep-CAM expression re-
sults in a decrease of E-cadherin-mediated cell-cell
interactions and in an increased proliferative activity
of cells (Litvinov et al, submitted for publication).
Ep-CAM expression, therefore, is capable of affect-
ing negatively the cadherin-mediated junctions, and

Figure 8. Correlation ofEp-CAM exapression with cell proliferation. A double staining with anti-Ep-CAM MAb (red) and Ki-67MAb (green nuclear
staining) was performedfor tissues ofsquamous metaplasia (A), low grade squamous lesion (B), and high grade squamous lesion (C).
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this observation can be extrapolated to the dis-
cussed neoplastic changes in squamous epithelia.
Combined with the finding that expression of Ep-

CAM in squamous epithelium is associated with a
disturbance in the differentiation process, this sug-
gests that Ep-CAM may actually contribute to a dys-
plastic/neoplastic cell phenotype by affecting the
cadherin-mediated cell-cell contacts. This sugges-
tion is in agreement with the reported disturbance in
expression of integrins in CIN lesions.25 During the
normal process of keratinocyte terminal differentia-
tion, 31-integrin expression is down-regulated.2627
This repression of integrin expression is an E-cad-
herin-controlled differentiation-related change.27 In
CIN lesions, the expression of the p1-integrin was
reported in all undifferentiated/atypical cells,25 a pat-
tern similar to the expression pattern of Ep-CAM. In
this respect, the CIN lesions resemble the structures
formed in vitro by keratinocytes growing in the pres-
ence of anti-E-cadherin MAb.27 If, during neoplastic
changes in squamous epithelium, the de novo ex-
pressed Ep-CAM does indeed negatively affect cad-
herin-mediated junctions, one of the expected con-
sequences would be a relief from suppression of the
,B1-integrin in CIN lesions, as is actually observed.

It is highly suggestive that human papillomavirus
infection has a role in up-regulation of Ep-CAM in
cells of the lesions in uterine cervix. Indeed, the
transfection of both ecto- and endocervical epithelial
cells by the human papillomavirus-16 genome re-
sults in abnormal differentiation of the cells both in
vitro and in vivo.29,30 Whether immortalization of cer-
vical epithelial cells by human papillomavirus will
indeed lead to the expression of Ep-CAM, which has
to be otherwise repressed in cells of squamous dif-
ferentiation, is currently under investigation.
An important consequence of our findings for im-

munohistology is that Ep-CAM clearly marks the neo-
plastic changes in squamous epithelium of the cer-
vix. Being expressed only in areas of atypical/
undifferentiated cells, Ep-CAM may serve as a good
marker for grading of CINs. It can also serve as an
early marker of dysplastic/neoplastic changes in cer-
vical squamous epithelium.
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